Abstract. This paper is concerned with the diffraction of an electromagnetic wave by a unidirectionally conducting circular disk.
mate solution for the diffraction of a plane electromagnetic wave by a circular disk composed of small wires. Such a screen was idealized as an infinitely thin disk, perfectly conducting in one direction and insulating in the orthogonal direction. This formulation led to a boundary value problem which was solved approximately. The approximate solution is valid when the radius of the disk is small compared to the wavelength of the incident wave, i.e., when ka is small, where k is the wave number and a is the radius of the disk. In fact Toraldo di Francia's result is the first term in a low-frequency series expansion in powers of ka for the scattered field and for the scattering cross section. Toraldo di Francia's analysis is related to Bethe's [4] solution for the diffraction of an electromagnetic wave through a small circular hole in a perfectly conducting screen. The reason for Toraldo di Francia's investigation was to use the unidirectionally conducting disk as a device for measuring the angular momentum carried by a circularly polarized electromagnetic wave.
Toraldo di Francia's paper started further research in diffraction problems dealing with unidirectionally conducting screens, halfplanes and strips.
We mention papers by Karp [9] , Radlow [12] , Hurd [6] , [7] , Seshadri [13] , [14] , [15] , Seshadri and Wu [16] , Karal and Karp [8] , Karp and Karal [10] .
In 2 of the present paper we investigate the behavior of an electromagnetic field near the edge of a plane unidirectionally conducting screen 1472 j. BOERSMA of arbitrary shape. Following the method of Meixner [11] , expansions for the electromagnetic field and for the surface charge density and current density induced in the screen are derived, which are valid near the edge of the screen. It turns out that the edge behavior for a unidirectionally conducting screen is different from the edge behavior for a perfectly conducting screen. The current density vanishes at the edge of the screen.
Actually, Toraldo di Francia [17] , Karp [9] and others started from this result and just proposed as their edge condition that the current density should vanish at the edge of the screen.
In 3 we treat the diffraction of an arbitrary time-harmonic electromagnetic wave by a unidirectionally conducting circular disk. A method is presented which yields in a systematic manner low-frequency series expansions for the scattered field. By means of this method an arbitrary number of terms of the expansions may be determined, though in practice the calculation of the higher order terms becomes rather laborious. We derive the scattered field from a Hertz vector which has a fixed direction parallel to the direction of conduction of the disk. The Hertz vector has to satisfy the reduced wave equation and a boundary condition on the disk which contains a number of undetermined constants. As in the work of Bazer and Brown [1] , Bazer and Hochstadt [2] , the Hertz vector is represented by suitable integrals. These integral representations which contain certain unknown functions are designed to satisfy all conditions of the problem except the boundary condition on the disk. The latter condition leads to Fredholm integral equations of the second kind for the unknown functions which may be solved by iteration when/ca is sufficiently small, yielding series expansions in powers of/ca for the unknown functions. The undetermined constants in the boundary condition follow from the edge condition which has to be imposed on the Hertz vector in order to ensure the proper edge behavior of the electromagnetic field. The scattered field at a large distance from the disk, the scattered energy, the scattered field on the disk, the current density and charge density induced in the disk can easily be derived using the integral representations for the Hertz We will now investigate the behavior of a time-harmonic electromagnetic field (time dependence e-i't) near the edge C. Then, first, the electromagnetic field has to satisfy Maxwell's equations,
where e and denote the dielectric constant and the magnetic permeability of the homogeneous medium which surrounds the screen. Secondly, the following boundary conditions will hold on the unidirectionally conducting screen S: 
where the functions as,/3s, 3'., a2, bs, cs have to be determined. Substitution of (2.15) and (2.16) into Maxwell's equations (2.2) and into the boundary conditions (2.10) leads to a set of equations and boundary conditions for these functions which can be solved. Ultimately, the following expansions will hold for the electromagnetic field near the edge C of the plane unidirectionally conducting screen S:
+ o/{{oo(s) cos [17] , Krp [9] , nd others just stated their edge condition to be the requirement that the current density should wnish t the edge of the screen.
For comparison we quote the edge behavior of n electromagnetic field near the edge of perfectly conducting screen. According to Meixner [11] the leding terms of the expansions for the p, s, C-components of the electromagnetic field nd for the charge nd current density re given by these estimates"
The behavior of the electric field and of the charge density is rather the same for the unidirectionally conducting screen and for the perfectly con-
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. SOEISMA ducting screen. However, the magnetic field will be finite and the current density will even vanish at the edge of a unidirectionally conducting screen, whereas at the edge of a perfectly conducting screen only the tangential component of the magnetic field is finite and only the normal component of the current density vanishes, the other components becoming infinite at the edge.
The expansions (2.17) (2.22) Hp' 0(1),
The scattered wave (E8, H8) can be understood to be due to the current density I in the screen S. Because this current density has a fixed direction, the scattered field can be derived from a Hertz vector II which has the same direction, parallel to the direction of conduction of S, according to (2. Karp [9] , Radlow [12] , Hurd [6] , Seshadri [14] . We will examine Karp's [9] The double series will be convergent over the whole disk x + y =< a and the coefficients em will be real and independent of x and y. For several practical examples, e.g., for the case of plane-wave excitation these assumptions are fulfilled.
A double series of similar type will represent II (x, y, 0), (3.4) H 
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Owing to (iv) it is sufficient to consider F,, G,, H, only for z >= 0. f,,(t) by the unknown functions g,(t), h,,(t) respectively, which are required to have similar properties as f(t).
These integral representations automatically satisfy conditions (i), (iii) and (iv). Using the technique developed by Boersma [5] , condition (ii) leads to Fredholm integral equations of the second kind for the functions f(t)/(1 t) , g(t)/(1 t) , and h(t)/(1 t). The kernel of these integral equations is small when a is small. In the latter case the integral equations can be solved by iteration yielding expansions in powers of a for the functions f, g, h.
Actually, the present boundary value problems are contained within a boundary value problem treated in [5] . In [5, 2.4] we calculated a func- 
